Abstract Drainage after laparoscopic cholecystectomy (LC) for acute calculous cholecystitis (ACC) is used without evidence of its efficacy. The present pilot study was designed to address this issue. After laparoscopic gallbladder removal, 15 patients were randomized to have a drain positioned in the subhepatic space (group A) and 15 patients to have a sham drain (group B). The primary outcome measure was the presence of subhepatic fluid collection at abdominal ultrasonography, performed 24 h after surgery. Secondary outcome measures included postoperative abdominal and shoulder tip pain, use of analgesics, and morbidity. Abdominal ultrasonography did not show any subhepatic fluid collection in eight patients (53.3 %) in group A and in five patients (33.3 %) in group B (P00.462). If present, median (range) subhepatic collection was 50 mL (20-100 mL) in group A and 80 mL (30-120 mL) in group B (P00.573). No significant differences in the severity of abdominal and shoulder pain and use of parenteral ketorolac were found in either group. Two biliary leaks and one subhepatic fluid collection occurred postoperatively. The present study was unable to prove that the drain was useful in LC for ACC, performed in a selected group of patients.
Introduction
Laparoscopic cholecystectomy (LC) is the standard of care for the surgical treatment of acute calculous cholecystitis (ACC) [1] . The role of routine drainage after LC to decrease postoperative morbidity is still an issue of considerable debate. The main reason to use drains in LC is to avoid bile and blood collection requiring subsequent open procedures. In elective LC for nonacutely inflamed gallbladder, a Cochrane Database Systematic Review concluded that there is no evidence to support the use of drains [2] . Two recent randomized studies confirmed this conclusion [3, 4] .
In a national survey over the surgical management of acute cholecystitis, the use of abdominal drainage was reported by a vast majority of the surgeons [5] . However, there is no evidence supporting the routine use of drains in LC for ACC, and further trials were claimed [2] .
The goal of the present pilot study was to assess the role of drains in LC, performed for ACC. In particular, the efficacy of a drain in preventing postoperative abdominal fluid collections and improving surgery outcome was evaluated.
Materials and Methods
From September 2011 to March 2012, 45 patients aged 18 years and older were submitted to LC for ACC. Diagnosis of ACC was made according to the Tokyo criteria [6, 7] . ACC was suspected if sonographic findings of cholecystolithiasis or sludge, wall thickening ≥4 mm, and a positive sonographic Murphy sign were present. In addition to the sonographic findings, one of the following clinical criteria was required: epigastric or right upper quadrant pain, fever >38.0°C, or a white blood cell count >10,000/mm 3 . Definitive diagnosis of ACC was made according to the macroscopic and histological examination of the gallbladder. Patients were excluded from randomization if: (1) they had symptoms present for >1 week, (2) gangrenous or emphysematous cholecystitis was present, (3) they had had previous upper abdominal surgery, (4) they had significant medical diseases that rendered them unfit for laparoscopic surgery, or (5) they had coexisting common bile duct stones with ductal dilatation, acute cholangitis, or acute pancreatitis. After approval by the local bioethics committee, informed consent was obtained. On admission, all patients were administered intravenous antibiotic therapy with amoxicillin clavulanate (Augmentin) 1 g IV every 8 h. Patients allergic to penicillin were treated with a combination of ciprofloxacin 400 mg IV every 12 h and metronidazole 500 mg IV every 8 h.
Surgical Management
All operations were performed by surgeons with a previous minimum experience of 50 LC. Under general anesthesia, the abdomen was insufflated with CO 2 after the introduction of the first 10-mm trocar with the Hasson technique through an infraumbilical incision. The other 10-mm and two 5-mm trocars were inserted through appropriate subxiphoid, subcostal midclavicular, and subcostal anterior axillary incisions. The pneumoperitoneum pressure and CO 2 flow rate were set at 10 mmHg and 2 L/min, respectively. A standard retrograde cholecystectomy with previous isolation and section between 10-mm clips of the cystic duct and artery was always performed. The gallbladder was always bagged and retrieved through the umbilical port. A bile sample was collected to perform cultural examination. Topical application of rifamycin on port wounds was performed at the end of operation and applied at 12, 24, 36, 48, and 72 h after LC. The duration of the operation (from infraumbilical skin incision to pulling off the trocars), bile spillage, and additional complications were also recorded.
Randomization
After gallbladder removal with a containing bag, the patients, who had no serious intraoperative complications, such as significant biliary and/or vascular injury or bleeding (>100 mL), were randomly allocated to undergo the placement of a drain in the subhepatic space (group A) or a sham drain (group B). Randomization was computer generated, using numbered and sealed envelopes, which were opened in the operating room at the end of surgery before drain fixation to the skin. The polyethylene, 5.7-mm, multiparous tube drain was threaded through the most lateral 5-mm trocar. In group B, after the surgeon inserted the drain, a nurse of the operating room pulled out the drain outside the port, shortened the tube, and fixed the end to the skin with a tape after blocking the tip with a bead. All drains in both groups were connected to a 500-mL reservoir. This way, the operator, the patients, and the assessors were blinded to the intervention.
Postoperative Monitoring
Patients were given a standard deep vein thrombosis prophylaxis. Postoperative antibiotic therapy was adjusted according to the results of the antibiogram. Postoperative pain was evaluated as follows: (1) parenteral diclofenac requirements were recorded after the patient was instructed to ask for pain relief liberally; (2) a visual analog scale [8] from 0 (no pain) to 10 (worst pain imaginable) was completed by each patient 24 h after surgery and at least 2 h after any eventual diclofenac assumption regarding either abdominal or shoulder pain. An abdominal ultrasonography was routinely performed on the first postoperative day with the goal to detect any fluid collection. If present, the volume of subhepatic collection was calculated. Ultrasound examinations were performed using an Aloka Prosound Alpha 10® with a 1-to 5-MHz convex probe by experienced radiologists.
The drain was removed 24 h after surgery, unless there was bile (any amount) or 100 mL of blood in the drain bag. In case the drain had to stay in place for bile leak, it was not removed, unless the leak had completely ceased. In case the drain had to stay in place for bleeding, it was removed when the amount was 100 mL/24 h and the patient was hemodynamically stable with stable hemoglobin (no decrease >1 g/dL). Intraabdominal fluid collections >50 mL were followed up with serial ultrasonographic examinations, and patients were discharged if no increase was detected.
Postoperative problems and complications were recorded within 4 weeks after operation. Patients were reviewed at 1 and 4 weeks postoperatively. An upper abdomen ultrasonography was routinely performed 1 week after surgery. Outcome assessors were unaware of patients' allocation.
Statistical Analysis
The primary outcome measure was the presence of subhepatic fluid collection at ultrasonographic examination of the abdomen 24 h after surgery. Secondary outcome measures included postoperative abdominal and shoulder tip pain, use of analgesics, and morbidity.
Fisher's exact test was used for categorical data. The Mann-Whitney U test was used to compare not normally distributed samples. All tests were two tailed, and the level of significance was 0.05. All data were compiled by an independent participant unaware of patients' allocation, and the results were analyzed using Medcalc® version 12.2 (Frank Schoonjanas, Broekstraat, Belgium).
Results
The profile of the trial is shown in Fig. 1 . Both groups were comparable regarding sex, age, ASA, median operative time, and median postoperative hospital stay (Table 1) . No significant intraoperative morbidity occurred.
Abdominal ultrasonography did not show any subhepatic fluid collection in eight patients (53.3 %) in group A and in five patients (33.3 %) in group B (P00.462, Fisher's exact test). If present, median (range) subhepatic collection was 50 mL (20-100 mL) in group A and 80 mL (30-120 mL) in group B (P00.573; Mann-Whitney U test).
Median (range) abdominal pain scores 24 h after operation were 4 (2-5) in group A and 3 (2-3) in group B (P00.351; Mann-Whitney U test). Median (range) shoulder pain scores 24 h after operation were 1 (0-3) in group A and 0 (0-0) in group B (P00.232; Mann-Whitney U test). Median (range) parenteral ketorolac consumed was 120 mL (30-180 mL) in group A and 120 mL (30-120 mL) in group B (P00.643; Mann-Whitney U test).
Three (10.0 %) significant postoperative complications occurred. One patient in group A was readmitted on the sixth postoperative day because of abdominal pain with tenderness and fever. Ultrasound scan of the abdomen showed a 150-mL collection in the subhepatic region. A percutaneous drain was positioned under ultrasound scan guidance, documenting the presence of bile. Because of the persisting biliary leakage exceeding 50 mL/day, endoscopic retrograde cholangiography was performed 9 days after operation, documenting a duct of Luschka injury. An endoscopic stenting was performed. The patient improved subsequently, and the stent was removed after 4 weeks. Another patient in group A reported heaviness and abdominal pain without tenderness and fever on the seventh postoperative day. Ultrasonography of the abdomen showed subhepatic collection, and therapeutic aspiration was performed, documenting biloma. One patient in group B showed a 100-mL fluid collection in the subhepatic space Values are given as number (percentage) of patients unless otherwise indicated at the control ultrasound scan performed 7 days after operation. No abdominal symptoms or signs were present. The patient was submitted to serial ultrasonographic examinations of the abdomen, documenting the progressive reduction in the collection, which disappeared 1 month after operation.
Discussion
In the setting of ACC, the main concern with LC is that the procedure carries a significant risk of complications. The rate of complications is related to the severity of the disease, defined as the presence of gangrenous and emphysematous gallbladder inflammation [9] . In particular, conversion rate is relevant with a threefold increase when severe cholecystitis is present [9] . Our study group includes selected patients without severe cholecystitis. Moreover, we only analyzed the results of patients in whom no important intraoperative complication occurred. However, we observed a significant rate of surgeryrelated complications. In a recent large survey, local complications occurred in 4.8 % of successfully performed LC for cholecystitis. In the subgroup requiring conversion, local complication rate was 26.7 % [5] . Traditionally, drains in LC are used for the early detection of bile leaks and any unsuspected hemorrhage and to evacuate abdominal fluid collections without the need for more invasive procedures. A large retrospective series reported the following main reasons to insert a drain after open cholecystectomy: (1) operation for cholecystitis, (2) intraoperative bile spillage, and (3) excessive blood loss during the operation [10] . However, experimental studies showed that when a drain is inserted in the peritoneal cavity that contains no fluids, it is quickly surrounded by omentum and completely occluded within 48 h [11] . Bile leak and bile duct injury are the two most feared complications of LC for acute cholecystitis. The reported incidence for bile leak after LC for acute cholecystitis is approximately 2-3 % [5, 12, 13] . Studies from the era of open cholecystectomy showed that most patients who underwent laparotomy for postcholecystectomy bile peritonitis had drains placed, suggesting that drain placement does not detect this complication effectively [6, [14] [15] [16] . Drains are also not effective to treat bile leak in elective LC [3, 4] . In the present study, both bile leaks occurred after LC with drainage, suggesting that drains may be also useless after LC for ACC in selected patients. In cases of excessive intraoperative blood loss, drains are not a substitute for adequate hemostasis and do not facilitate detection of hemorrhage unless bleeding is immediate and brisk [17] . Moreover, severe bleeding may be rapidly diagnosed because of postoperative hypotension, acute blood loss anemia, and intra-abdominal hypertension. Drains are also not effective to treat bleeding in elective LC [3, 4] .
Wound infection is a frequent complication after LC for ACC. The reported rate in a large survey is 2.3 % [5] . The rate increases if severe cholecystitis is present [9] . We had no wound infection. We adopt the routine use of prophylactic antibiotic therapy, adjusted according to the results of the routine cultural examination of the bile, as recommended by the Infectious Diseases Society of America. Moreover, we used topical administration of rifamycin, which was showed to reduce wound infection after LC [18] .
The effect of subhepatic drain on postoperative pain is controversial with reported conflicting results after elective LC [3, 19] . Our data were unable to prove that the drain has any effect on either abdominal or shoulder tip pain in the setting of ACC.
Conclusion
Drainage after LC for ACC is used without evidence of its efficacy. The present pilot study was unable to prove that the drain was useful in a selected group of patients. A randomized trial with adequate blinding and number of patients enrolled is recommended to confirm these preliminary results.
